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Description 

The invention relates to a process for preparing immunogenic complexes of the type which has been 
called "iscom" by B. Morein et al. in Nature 308 (1984), pages 467-460 (see also EP-A 0 109 942). 

s According to B. Morein et al. the iscoms"are obtained by mixing micro-organisms, animal cells, proteins 
or peptides with solubilizing agents in buffered solution and contacting this solution, optionally after removal 
of the solubilizing agents, with a glycoside solution containing one or more glycosides with hydrophobic and 
hydrophilic regions, in a concentration of at least the critical micellular concentration. In this way the so- 
called "iscom" protein complex is formed, which is then purified. This purification may be carried out by 

w means of gradient centrifugation, dialysis, chromatography or by means of other methods. Quil A extracted 
from the bark of Quillaja saponaria Molina is preferably used as glycoside. 

Iscoms have been shown by electron micrography to possess a specific structure, Iscoms are particles 
having an average diameter of about 35 nm. Each particle has a loose, translucent, cage-like structure with 
ring-like sub-units about 12 nm in diameter. In case of membrane proteins of para-influenza-3, measles and 

t5 rabies virus the immunogenic activity of the iscoms was shown to be at least 10 times higher than that of 
micelles formed by aggregation of the membrane proteins. 

EP-A-0 180 564, which was filed 16th October, 1985 and was published 7th May, 1986, describes the 
preparation of iscoms from, among others, peptides and proteins having hydrophobic regions, in the way 
described in EP-A-0 109 942. The proteins or peptides serve as carrier molecules which are coupled, after 

20 formation of the so-called primary iscoms, to peptides, proteins, carbohydrates, lipoproteins, glycolipids, or 
small molecules such as biotine, by known methods involving reaction of functional groups. It is stated in 
the specification that, during the preparation of the primary iscoms from purified or synthetic proteins or 
peptides the latter have a tendency to aggregate in the form of micelles, and that the addition of one or 
more lipids, particularly cholesterol, adds to the formation of the primary complex. 

25 WO 87/02250, filed 16th October, 1986 and claiming priority from EP-A-0 180 564 (16th October 1985) 
describes the preparation of iscoms with the method of EP-A-0 109 942 whereby lipids, particularly 
cholesterol and a phospholipid are added before the iscoms are isolated and purified. This measure avoids 
aggregation of pure proteins and peptides during the preparation of the Iscoms. The use of both a sterol 
and a phospholipid is however not entitled to the priority right of 16th October, 1985. 

30 In EP-A-0 109 942 it is emphasized that the iscoms are distinguished from liposomes not only by their 
structure and by the presence of glycosides, but also by the fact that the iscoms would not contain lipids. 
Also in EP-A-0 180 564 and WO 87/02250 it is said that the purified iscoms do not contain detectable 
amounts of lipids. It was now found, however, that with purified antigenic proteins and Quil A iscoms cannot 
be obtained with the method of EP-A-0 109 942. Further investigation has shown that the known iscoms 

35 prepared in accordance with EP-A-0 109 942 from micro-organisms do contain lipids, viz. cholesterol, which 
substances, apparently, are liberated by the solubilizing agent from the micro-organisms, among which 
gram-negative bacteria or enveloped viruses, together with the antigenic proteins. 

It was found that the iscom structure described by Morein et al. can be obtained only, if together with a 
sterol, such as cholesterol, also a phospholipid, such as phosphatidylethanolamine is present. In case a 

40 phospholipid is absent, the products obtained do not have the cage-like structure with a mean diameter of 
about 35 nm characteristic for the iscoms, but the product is more or less two-dimensional aggregate of the 
iscom subunits with a diameter of about 12 nm. It was found that these structures also form immunogenic 
complexes with antigenic proteins or peptides, which complexes, in comparison with micelles formed by 
aggregation of antigenic proteins, show a considerably improved immunogenic activity. The preparation of 

45 these two-dimensional structures does not form part of this invention. 

The invention relates to a process for preparing immunogenic complexes, In which an amphiphatic 
antigenic protein or peptide In dissolved or solubilized form is contacted with a solution containing a 
detergent, a sterol, a phospholipid, and a glycoside having hydrophobic and hydrophilic regions, in at least 
the critical micelle forming concentration, removing the detergent and purifying the immunogenic complex 

50 formed. 

The use of glycoside, sterol, and phospholipid has been shown to be essential for the formation of 
iscoms, whereas the pure antigenic proteins or peptides do not play any role in this respect. Thus, it has 
been shown that, without antigen, iscoms are formed from glycoside, sterol and phospholipid. An electron 
micrograph of iscoms obtained from Quil A, cholesterol and phosphatidylethanolamine is depicted in figure 
65 1 (magnification 116,00 x). In case phospholipids are not used two-dimensional structures are formed. An 
example of such structures is depicted in figure 2. This figure is an electron micrograph (magnification 
146,000 x) of structures obtained from Quil A and cholesterol. In case sterol is omitted from the mixture 
liposome-like structures are obtained, the preparation of which does not belong to the invention. Figure 3a 
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is an electron micrograph of such structures obtained with Quii A and phosphatidylcholine (magnification 
146,00 x) and figure 3b is an electron micrograph of structures obtained from Quil A and 
phosphatidylethanolamine (magnification 89.000 x). 

The glycosides to be used in the process according to the invention are the same as those mentioned 

s in EP-A 0 109 942. Generally, the glycosides are glycosides showing amphiphatic properties, and comprise 
hydrophobic and hydrophilic regions in the molecule. Preferably, saponins are used, especially the saponin 
extract from Quillaja saponaria Molina, in the first place DQ-extract prepared according to K. Dalsgaard: 
Saponin Adjuvants, Bull.Off.lnt.Epiz. 77 (7-8), 1289-1295 (1972) and Quil A, also prepared according to K. 
Dalsgaard: Saponin Adjuvants III, Archlv fUr die gesamte Virusforschung 44, 243-254 (1974). Other preferred 

io saponins are aescine from Aesculus hippocastanum (T. Patt and W. Winkler: Das therapeutisch wirksame 
Prinzlp der Rosskastanie ( Aesculus ~hipporastarnjfn) t Arzneimittelforschung 10 (4), 273-275 (1960) and 
sapoalbin from Gypsophilia struthium (R. Vochten, P. Joos and R. Ruyssen: Physicochemical properties of 
sapoalbin and their relation to the foam stability, J.Pharm.Belg. 42, 213-226 (1968)). The use of Quil A is 
especially preferred. 

15 In the process according to the invention the glycosides are used in at least the critical micelle forming 
concentration. In the case of Quil A this concentration is 0.03 % by wt. 

The sterols used in the process according to the invention are the known sterols of animal or vegetable 
origin, such as cholesterol, lanosterol, lumisterol, stigmasterol and sitosterol. Preferably, cholesterol is used 
as the sterol in the process according to the invention. 

20 According to the invention, phospholipids which are necessary for the preparation of iscoms are 
phosphatidic acid and esters thereof, such as phosphatidylcholine and phosphatidylethanolamine. The best 
results have been obtained with phosphatidylethanolamine. 

In case the antigenic protein or peptide is water-insoluble it has to be solubilized. This can be effected 
in a known way by means of a detergent, with urea or with guanidine. 

25 The detergents to be used for the solubilization of the antigenic protein or peptide, and in the sterol, 
glycoside and optionally phospolipid containing solution, are the same as those mentioned in EP-A 0 109 
942. Generally, a non-ionic, ionic or zwitter-ionic detergent or a cholic acid based detergent, such as 
sodium desoxycholate can be used for this purpose. Preferably, the detergent used is octylglucoside, but 
alkylphenylpolyoxyethylene ethers are also suitable, especially a polyethylene glycol p-isooctylphenylether 

30 having 9 to 10 oxyethylene groups which, e.g. is commercialized under the trade name Triton X-100 ®. 

The process according to the invention may be used for the preparation of immunogenic complexes, 
called iscoms. from antigenic proteins or peptides which have to show amphiphatic properties. These 
proteins or peptides may be membrane proteins or membrane peptides isolated from viruses, bacteria, 
mycoplasma's, parasites or animal cells. It is known that the serine and threonine radicals present in the 

35 hydrophobic region (the membrane domain) of some viral membrane proteins may be esterified. Non- 
membrane proteins and non-membrane peptides without the desirable hydrophobic properties may be 
incorporated into the immunogenic complexes after coupling these with peptides consisting of hydrophobic 
amino acids, with fatty acid radicals, with alkyl radicals, and the like. The proteins or peptides may also be 
prepared synthetically or by means of recombinant DNA-techniques. Generally, ultracentrifugation or 

40 dialysis is not sufficient for the purification of an antigenic protein or peptide of natural origin. Preferably, the 
antigens are purified by means of chromatography, e.g. on a column of DEAE-Sephadex or by means of 
immuno affinity chromatography. 

In the process according to the invention the dissolved or solubilized antigen is generally contacted with 
a solution containing the glycoside in at least the critical micel forming concentration, a sterol, and a 

45 phospholipid. After this the detergent is removed and the immunogenic complex formed is purified. 

Known methods can be used for the removal of the detergent, such as dialysis, gradient centrifugation 
or chromatography. When gradient centrifugation or chromatographic methods, e.g. gel filtration, are used 
for the removal of the detergent the immunogenic complex is also extensively freed from other substances 
such as excess glycoside and sterol. Generally, a dialysis is not sufficient for the purification of the 

so immunogenic complexes, although removal of the detergent by dialysis results in formation of the 
immunogenic complexes. 

If desired, the solutions of the immunogenic complexes obtained may be lyophilized. The lyophilized 
preparations may then be reconstituted before use by addition of water. 

Further, the invention relates to a pharmaceutical composition containing immunogenic complexes 
55 prepared by means of the present process. These preparations may be obtained by bringing the 
immunogenic complexes in a form suitable for parenteral administration. Generally, the pharmaceutical 
compositions contain the immunogenic complexes in an aqueous, physiologically acceptable medium, 
which, if desired, contains a buffer and/or a salt such as sodium chloride for adaptation of the osmotic 
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pressure. 

The pharmaceutical compositions according to the invention show a substantially stronger immunogenic 
effect than compositions in which the antigenic protein or peptide is present in the form of aggregates. 
In the following examples the preparation of the immunogenic complexes is illustrated further. 

5 

Example I (Iscoms containing measles fusion protein) Cultivation of measles virus and purification of the 
fusion protein ~ ™ — — — — — — — — 

Measles virus (a plaque variant of the Edmonston strain) was cultivated in the usual way 
w (Develop.Blol.Standard. 42, 65-69. (1978)). The virus suspension was filtered and concentrated via an 
Amicon hollow fiber cartridge (H10X100). The viral glycoproteins (haemagglutinin and fusion protein) were 
dissolved in 10 mM Tris-HCI (pH 7.8), 150 mM NaCI, 600 mM KCI, 0.1 mM MgCI 2 , 2% (vol/vol) Triton X- 
100® and 1 mM phenylmethylsulfonylfluoride (J.Gen.Vlrol. 65, 355-366 (1984)). After solubilisation and 
ultracentrifugation (100,000 x g, 60 min.) the fusion protein was removed from the supernatant by immuno- 
75 affinity chromatography. To this end monoclonal antibodies against the fusion protein were covalently 
bonded to Sepharose 4B (Pharmacia). The fusion protein was eluted with 5M NH*SCN in 20 mM Tris-HCI 
pH 7.8, 1 mM EDTA and 2.0% (wt./vol.) octylglucoside. NhUSCN was removed from the eluate by dialysis 
against 10 mM Tris-HCI (pH 7.8) and 150 mM NaCI. The eluate was analyzed with SDS-PAGE and the 
protein content in the eluate was estimated (Anal.Biochem. 83, 346-356 (1977)). 

20 

Incorporation of the fusion protein into iscoms. 

Fusion protein (60 ug) in 180 Ul Tris-HCI (pH 7.8), 150 mM NaCI and 2% octylglucoside were mixed 
with 350 ug phosphatldylethanolamine and 350 ug cholesterol in 700 ul 2 % octylglucoside. After one hour 

25 incubation at room temperature 1.7 mg Quil A as a 10 % (wt./vol.) stock solution was added. The 
octylglucoside was removed by dialysis against 10 mM Tris-HCI (pH 7.8) and 150 mM NaCI during 16 
hours at 4* C. The iscoms containing the fusion protein were purified by means of an ultracentrifugation in a 
continuous sucrose gradient (10-60 % wt./vol.) (286,000 x g, 4h or 64,000 x g, 18h). The gradient was 
collected in 22 fractions (fraction 1, bottom fraction (highest density); fraction 22, top fraction (lowest 

30 density)). The fractions were analyzed with SDS-PAGE. The fractions containing the fusion protein were 
examined with the electron microscope. An electron micrograph of the iscoms containing the fusion protein 
is depicted in figure 4 (magnification 95,000 x). 

When the same process was carried out without addition of phosphatidylethanolamine and cholesterol 
iscoms were not formed. The result is shown in figure 5 (magnification 95,000 x). 

35 

Example II (iscoms containing gonococcal porine proteins) Cultivation of gonococcal strains. 

Gonococcal strains B2 (serotype 1) and C3 (serotype 5) were cultivated in the usual way. The cultures 
were inactivated by heating at 56* C during 30 minutes. After centrifugation the bacteria were lyophilized. 
40 The cell-free culture liquid of the C3-strain was used for the preparation of the outer membrane complex 
(OMC), and the porine proteins (PI) were prepared from the lyophilized bacteria. 

Preparation of outer membrane complexes (OMC). 

45 The cell-free culture liquid was concentrated 80 x by means of an Amicon hollow fibre cartridge 
(H10P10). The concentrate was centrifugated (10,000 x g, 20 minutes) so as to remove any residual 
bacteria. The OMC was centrifuged off (2h at 100,000 x g), suspended in 60 mM Tris-HCI (pH 7.2) and 300 
mM NaCI, and again centrifugated (2h at 100,000 x g) and finally suspended in distilled water to obtain a 
protein concentration of 2 mg/ml. 

50 

Purification of PI 

The isolation procedure was based on the procedure used by Blake and Gotschlich for the isolation of 
protein II (J.Exp.Med. 159, 452-462 (1984)). Lyophilized gonococcae were extracted with 2.5 g 3-(N- 
55 tetradecyl-N,N-dlmethyl-ammonium)-1-propane sulfonate (23-14) in 0.5 M CaCb at pH 4.0. After 1 hour 
intact cells and fragments were removed by centrifugation (20 minutes, 20,000 x g). Ethanol was added to 
the supernatant to obtain a concentration of 20 %. After 30 minutes the precipitated material was removed 
by centrifugation (20 minutes, 10,000 x g). The supernatant was concentrated by ultrafiltration (Amicon 
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hollow fibre cartridge H10X50); 50 mM Tris-HCI, 10 mM EDTA, 0.05 % (wtyvol.) Z3-14, pH 8.0 (buffer A) 
were added and the volume was reduced by 50 %; this procedure was repeated five times so as to remove 
completely the calcium chloride and the ethanol. Then the protein solution was brought upon a column of 
DEAE-Sepharose equilibrated with buffer A. The proteins were eluted with a linear gradient of 0.0 to 0.6 M 

5 NaCI in buffer A. The fractions were analyzed with SDS-PAGE and the PI containing fractions were 
combined. The partially purified PI was brought upon a Sephacryl S-300 column previously equilibrated with 
50 mM Tris-HCI, 200 mM NaCI, 10 mM EDTA, 0.05 % (wt/vol.) Z3-14, pH 7.2. The PI containing fractions 
were combined. The product obtained was designated as purified PI. The protein from the C3 strain as 
used in this example was analyzed for the presence of cholesterol and phospholipids. For the latter analysis 

to an inorganic phosphate determination was used. The protein was free of cholesterol and contained 1.5 mole 
of phosphate per mole of protein. Most probably, the phosphate derives from a lipopolysaccharide impurity. 

Preparation of immunogenic complexes with PI 

75 Purified PI of both of the strains was precipitated with ethanol, centrifuged and dissolved in 10 mM Tris- 
HCI (pH 7.8), 150 mM NaCI and 2 % octylglucoside. These solutions were mixed with 
phosphatidylethanolamine, cholesterol and Quil A (see table A). The removal of the octylglucoside and the 
purification of the immunogenic complexes was carried out in accoYdance with example I. Further, a gel 
filtration step via Superose 6 (Pharmacia) was used instead of the ultracentrifugation step. Iscoms were 

20 eluted in the void volume of the column. Both of the purification steps (dialysis and ultracentrifugation or 
column chromatography) could be carried out on the column by successively charging the column with 0.2 
% Quil A solution (about 2 % of the column volume) and a mixture consisting of protein, detergent 
phospholipid, cholesterol and Quil A. Also In this case iscoms were eluted in the void volume of the column. 
The results described In the following part of this example relate to complexes obtained in accordance 

25 with the procedure described in Example I. 

Immunisation of mice 

Groups of 8 mice were injected intraperitoneally with PIC3 containing complexes. The dosage was 2.5 
30 ug protein. Serum samples were collected after 4 weeks. 

ELISA procedure 

Antibody levels in the pooled serum samples were determined by coating microtiter plates with OMC, 
35 diluted with 0.15 M NaCI. The subsequent steps were carried out as described in Infect.lmmun. 40, 369-380 
(1983)). ~~ 

Analysis and immunogenic power of the complexes 

40 The gradient fractions of the mixtures mentioned in table A were analyzed with SDS-PAGE. The result 
of the analysis of fractions 1-4 is mentioned in table B. The table shows that the addition of 
phosphatidylethanolamine and cholesterol, or of cholesterol only, influences the sedimentation behaviour of 
both of the Pi's. The Pi's in combination with phosphatidylethanolamine and cholesterol (mixtures 1 and 3) 
are found in the same fractions as the known iscoms. Mixture 4, in which cholesterol but no 

45 phosphatidylethanolamine has been incorporated, also gives complexes having a similar sedimentation 
behaviour. In contrast with this, the protein of mixture 2 in which neither cholesterol nor 
phosphatidylethanolamine has been incorporated, is found in totally different fractions (15-17). 

Per gradient, the fractions mentioned in table B were combined and, after dialysis, analyzed with the 
electron microscope. An electron micrograph of PIB2 containing iscoms (mixture 1) is shown in figure 6 

so (magnification 95.000 x). When, however, the mixture was prepared without addition of 
phosphatidylethanolamine and cholesterol (mixture 2) iscoms were not obtained (see figure 7, magnification 
95,000 x). Photographs of the complexes obtained with mixtures 3 and 4 are depicted in figure 8 and figure 
9, respectively (magnification 76,000 x). - 

The iscoms prepared from mixture 6 had a strong tendency towards aggregation. 

55 The cholesterol, Quil A and protein contents of the iscoms prepared from mixtures 1, 3, 5 and 6 were 
determined. The results are shown in Table C. The table shows that the three components were clearly 
detectable in the iscoms. 

Antibody determination has shown that PIC3 in the Iscoms according to the invention is immunogenic. 
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The immunogenic power of the protein in the iscoms was higher than that of the protein incorporated in 
liposomes. 

TABLE A 



Composition of mixtures from which PIB2 and PIC3 containing complexes were prepared. 


protein type 


mixture 


composition of mixture before dial> 


'Sis and ultracentrifugation* 


protein 


phosphatidylethanolamine 


cholesterol 


Quil A 


PIB2 


1 


480 


2,400 


2,400 


12,000 


PIB2 


2 


480 






12,000 


PIC3 


3 


360 


1.800 


1,800 


9,000 


PIC3 


4 


360 




3,600 


9,000 


PIC3 


5 


360 


900 


900 


4,500 


PIC3 


6 


360 


460 


450 


2,250 



70 



75 



20 



' composition in ng/ml 



TABLE B 



25 



30 



SDS-PAGE analysis of the gradient fractions after ultracentrifugation 


protein type 


mixture 


fractions shown to contain PI 


PIB2 


1 


7-8-9 


PIB2 


2 


15-16-17 


PIC3 


3 


8-9 


PIC3 


4 


6-7-8 



TABLE C 



35 



Composition of iscoms containing two different gonococcal porine proteins (PIB2 and PIC3). The PIC3 
containing iscoms were prepared with varying protein/lipid ratios. 



protein type 


mixture 


Choi, (ug/ml) 


QA (ug/ml) 


Chol.QA 


Protein 
(ug/ml) 


QA:Protein 


PIB2 (1:10)* 


1 


163 


100 


1.6 


85 


1.2 


PIC3(1:10) 


3 


122 


95 


1.3 


65 


1.5 


PIC3 (1:5) 


5 


64 


74 


0.9 


55 


1.3 


PIC3 (1:2.5) 


6 


30.5 


58 


0.5 


45 


1.3 : 



40 



45 



* protein/lipid ratio 
Choi. = cholesterol 
QA = Quil A 



50 



Claims 



65 



1. A process for preparing immunogenic complexes, in which an amphiphatic antigenic protein or peptide 
in dissolved or solubiiized form is contacted with a solution containing a detergent, a sterol, a 
phospholipid and a glycoside comprising hydrophobic and hydrophilic regions in at least the critical 
micelle forming concentration, the detergent is removed and the immunogenic complex formed is 
purified. 



2. The process of claim 1, in which the glycoside is a saponin. 
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3. The process of claim 2, in which the saponin is a saponin from Quillaja saponaria Molina, Aesculus 
hippocastanum or Gypsophilia struthium. 

4. The process of claim 3, in which the saponin is DQ, Quil A, aescine of sapoalbin. 

5 

5. The process of claim 4, in which the saponin is Quil A. 

6. The process of claim 1 , in which the sterol is cholesterol. 

w 7. The process of claim 1 , in which the phospholipid is phosphatidylethanolamine. 

8. The process of claim 1 , in which the detergent used is a non-Ionic, ionic or zwitter-ionic detergent or a 
cholic acid based detergent. 

rs 9. The process of claim 8, in which the detergent is octylglucoside. 

10. The process of claim 8, in which the detergent is an alkylphenylpolyoxyethylene ether. 

11. The process of claim 10, in which the detergent is Triton X-100®. 

20 

12. The process of claim 1, in which the removal of the detergent and the purification of the immunogenic 
complex is carried out by centrifugation in a density gradient, by dialysis or by chromatography. 

13. Pharmaceutical composition, especially a vaccine containing an immunogenic complex obtained by 
25 means of the process of one or more of the preceding claims. 

Revendlcations 

1. Procede de preparation de complexes immunogenes. dans lequel une proteine ou un peptide 
30 antigSnlque amphiphatique, sous forme dissoute ou solubilisSe, est mis en contact avec une solution 
contenant un detergent, un sterol, un phospholipide et un glycoside, comprenant des regions hydropho- 
bes et hydrophiles, a une concentration au moins egale a la concentration critique pour la formation 
des micelles, le detergent est elimine\ et on purifie le complexe immunogene forme. 

35 2. Procede selon la revendication 1, dans lequel le glycoside est une saponine, 

3. Procede selon la revendication 2, dans lequel la saponine est une saponine provenant de Quillaja 
saponaria Molina, Aesculus hippocastanum ou Gypsophilia struthium. 

40 4. Proc6d6 selon la revendication 3, dans lequel la saponine est le DQ, le Quil A, I'aescins de la 
sapoalbine. 

5. Procede selon la revendication 4, dans lequel la saponine est le Quil A. 
45 6. Procede selon la revendication 1, dans lequel le steVol est le cholesterol. 

7. Precede* selon la revendication 1 , dans lequel le phospholipide est la phosphatidylethanolamine. 

8. Procede selon la revendication 1, dans lequel le detergent utilise est un detergent non-ionique, ionique 
so ou zwitter-ionique, ou un detergent h base d'acide cholique. 

9. Procede selon la revendication 8, dans lequel le detergent est Toctylglucoside. 

10. ProcSde" selon la revendication 8, dans lequel le detergent est un ether polyoxy6thylen6 d'un 
55 alkylphdnol. 

11. Procede* selon la revendication 10, dans lequel le detergent est le Triton X-100®. 
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12. Procede selon la revendication 1, dans lequel ('elimination du detergent et la purification du complexe 
immunogene sont mises en oeuvre par centrifugation dans un gradient de densites, par dialyse ou par 
chromatographie. 

s 13. Composition pharmaceutique, notamment vaccin, contenant un complexe immunogene obtenu au 
moyen du procede selon une ou plusieurs des revendications precedentes. 

PatentansprtJche 

w 1. Verfahren zur Herstellung immunogener Komplexe, bei dem ein amphiphatisches antigenes Protein 
oder Peptid in gel6ster oder solubilisierter Form mit einer Losung, die ein Detergens, ein Sterin, ein 
Phospholipid und ein hydrophobe und hydrophile Bereiche umfassendes Glykosid in wenigstens der 
kritischen Micellbildungskonzentration enthSIt, in BerUhrung gebracht das Detergens entfernt und der 
gebildete immunogene Komplex gereinigt wird. 

75 

2. Verfahren nach Anspruch 1, wober das Glykosid ein Saponin ist. 

3. Verfahren nach Anspruch 2, wobei das Saponin ein Saponin aus Quillaia saponaria Molina, Aesculus 
hippocastanum oder Gypsophilia struthium ist. — ~ 

20 

4. Verfahren nach Anspruch 3, wobei das Saponin DQ, QuilA, Aescin oder Sapoalbin ist 

5. Verfahren nach Anspruch 4, wobei das Saponin Quil A ist. 
25 6. Verfahren nach Anspruch 1 f wobei das Sterin Cholesterin ist. 

7. Verfahren nach Anspruch 1, wobei das Phospholipid Phosphatidylethanolamin ist. 

8. Verfahren nach Anspruch 1, wobei das verwendete Detergens ein nichtionisches, ionisches oder 
30 zwitterionisches Detergens oder ein auf Cholsaure basierendes Detergens ist. 

9. Verfahren nach Anspruch 8, wobei das Detergens Octylglucosid ist. 

10. Verfahren nach Anspruch 8, wobei das Detergens ein Alkylphenylpolyoxyethylenether ist. 

35 

11. Verfahren nach Anspruch 10, wobei das Detergens Triton X-100® ist. 

12. Verfahren nach Anspruch 1, wobei die Entfernung des Detergens und die Reinigung des immunogenen 
Komplexes durch Zentrifugation in einem Dichtegradient, durch Dialyse oder durch Chromatographie 

40 durchgefuhrt wird. 

13. Pharmazeutische Zusammensetzung, insbesondere ein Impfstoff, enthaltend einen mittels des Verfah- 
rens nach einem oder mehreren der vorangehenden Anspruche erhaltenen immunogenen Komplex. 
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fig- 1 




fig-E 
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fig - 3a 




fig-3L 
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